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(57) Abstract 

A parent vessel (16) lies adjacent heart tissue, and a 
restriction (24) in the parent vessel (16) is bypassed. A first region 
of the parent vessel (16) on a first side of the restriction (24) 
is accessed and an aperture is formed therein. A lumen (40) is 
formed through the heart tissue, and the lumen (40) communicates 
with the parent vessel (16) through the first aperture. A second 
aperture is formed in a second region of the parent vessel (16) on 
a second side of the restriction (24). The lumen (40) through the 
heart tissue communicates with the parent vessel (16) through the 
first and second apertures, thus bypassing the restriction (24). 
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PERCUTANEOUS BYPASS BT TUNNELING THROUGH 

VESSEL WALL 
BACKGROUND OF THE INVENTION 

The present invention generally deals with 
5 vascular bypass methods. More specifically/ the present 
invention deals with systems for performing percutaneous 
coronary artery bypass procedures. 

Coronary arteries can become partially 
restricted (stenotic) or completely clogged (occluded) 

10 with plaque, thrombus, or the like. This reduces the 
efficiency of the heart, and can ultimately lead to a 
heart attack. Thus, a number of different systems and 
methods have been developed for treating stenotic or 
occluded coronary arteries. 

15 two methods which have been developed to treat 

occlusions and stenosis include balloon angioplasty and 
pharmacological treatment. However, where the occlusion 
is quite hard, it can be quite difficult, if not 

9 

impossible, to cross the occlusion with an angioplasty 
20 device. In addition, some coronary stenosis are to 
diffuse to treat effectively with balloon angioplasty. 
Unfortunately, such occlusions are not readily 
susceptible to dissolution with chemicals either. In 
the past, patients with these types of occlusions have 
25 been candidates for open heart surgery to bypass the 

restrictions . 

However, open heart surgery includes a myriad 
of disadvantages. Open heart surgery typically includes 
a great deal of postoperative pain. The pain is 
30 normally encountered because conventional open heart 
surgery requires that the sternum be cracked open, which 
is quite painful. Also, open heart surgery typically 
involves bypassing the occluded vessel, which, in turn, 
involves harvesting a vein from another part of the body 
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for use as the bypass graft. One common source for the 
bypass graft is the saphenous vein which is removed from 
the leg. Harvesting the saphenous vein requires the 
surgeon to cut and peel the skin back from an area of 
5 the leg which is approximately 18 inches long and which 
extends upward to the groin area. This can be very 
traumatic and painful. Also, the internal mammary 
artery (IMA) has also been used as a vein graft in 
performing a bypass. However, the IMA is typically best 

10 suited for use as a left anterior descending (LAD) vein 
graft and is commonly saved for that purpose. Further, 
open heart surgery requires quite a lengthy recovery 
period which involves an increased hospital stay, and, 
consequently, greater expense. 

15 Other than the pain and more lengthy hospital 

stay, open heart surgery involves other disadvantages as 

well. For example, during open heart surgery, it is 

* 

common to cool the heart to a point where it stops. The 

» 

blood from the remainder of the vasculature is then 
20 pumped through a pulmonary and cardiac bypass system. 
Any time the heart is stopped, there is a danger of 
encountering difficulty in restarting the heart (which 
is typically accomplished by warming the heart and 
massaging it). Further, even if the heart is restarted, 
25 it sometimes does not return to a correct rhythm. Also, 
open heart surgery can require the use of a device known 
as a left ventricular assist device (LVAD) to 
supplementarily pump blood to relieve the burden on the 
heart. This allows the heart to heal. 
30 A significant reason that the heart is 

typically stopped during open heart surgery is that, if 
it were not stopped, the surgeon would be working in a 
dynamic environment. In such an environment, the target 
vessels and tissue to be treated are moving. Further, 
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a system must be employed in such an environment to stop 
bleeding. Clinical studies indicate that, when blood 
flow is stopped using clamping devices and blood flow is 
diverted to a cardiac bypass system, a statistically 
5 significant instance of neurological problems caused by 
blood clotting results. The use of mechanical clamps to 
stop blood flow, and the use of a mechanical bypass 
system, results in an approximate six percent instance 
of neurological problems, such as stroke," memory 

10 failure, etc. 

Given the ■; difficulties of the techniques 
discussed above, another approach has been developed 
which does not require stoppage of the heart or an open 
chest during execution. This approach is to perform a 

15 bypass using a minimally invasive technique by entering 
the upper chest cavity, through a hole between ribs 
under visual observation. Such a technique is often 

referred to as minimally invasive direct coronary artery 

« 

bypass (MIDCAB) (where the heart is not stopped) or 
20 heart port (where the heart is stopped). Such a system 
which is used to perform a bypass is disclosed in the 
Sterman et al. U.S. Patent No. 5,452,733. 

SUMMARY OF THE INVENTION 
A parent vessel lies adjacent heart tissue, 
25 and a restriction in the parent vessel is bypassed. A 
first region of the parent vessel on a first side of the 
restriction is accessed and an aperture is formed 
therein. A lumen is formed through the heart tissue, 
and the lumen communicates with the parent vessel 
30 through the first aperture. A second aperture is formed 
in a second region of the parent vessel on a second side 
of the restriction. The lumen through the heart tissue 
communicates with the parent vessel through the first 
and second apertures, thus bypassing the restriction. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A illustrates a portion of a coronary 
vascular system with an artery having a restriction, 

FIG. IB illustrates a greatly enlarged cross- 
5 sectional view of a portion of the heart and artery 
shown in FIG. 1A in the area of the restriction, 

FIG. 2. illustrates a boring device accessing 
a region proximal of the restriction. 

FIG. 3 illustrates the boring device' forming 
10 a lumen through heart tissue 

FIG. 4 illustrates the boring device shown in 
FIG. 3 extending the lumen through the heart tissue into 
a region of the artery distal of the restriction. 

FIG. 5 illustrates deployment of a drug 
15 delivery device in the lumen through the heart tissue. 

DETAILED DESCRIPTION OF THE P REFERRED EMBODIMENTS 

FIG. 1A illustrates a portion of a vascular 
system 10 including heart 12, aorta 14, and an artery 
16. FIG. 1 also illustrates a plurality chambers 18 and 

20 20 in heart 12, and a valve 22. A restriction 24 is 
illustrated in artery 16. 

FIG. IB is a greatly enlarged cross-sectional 
view of a portion of heart 12, and vessel 16 in the area 
of restriction 24. FIG; IB illustrates that restriction 

25 24 is typically covered within vessel 16 by an 
endothelial cell layer 13. Also, the wall of artery 16, 
and the heart tissue adjacent the wall of artery 16 is 
made up of a plurality of layers including internal 
elastic lamina (IEL) 15, media 17, adventitia 19, and 

30 myocardium 21. Typically, the depth of the IEL layer 
15, media layer 17 and adventitia layer 19, together, is 
approximately 1 mm. Also, typically, the thickness of 
the myocardium layer 21 is approximately 5-10 mm. The 
present invention bypasses restriction 24 by tunneling 



WO 98/38942 PC17US98/04797 

-5- 

around restriction 24 through the layers of artery 16, 
and heart 12 . It should specifically be noted that the 
present invention, when referring to boring or tunneling 
through heart tissue, contemplates that restriction 24 
5 can be bypassed by tunneling around it through 
myocardium layer 21, or short of myocardium layer 21, 
and through one or more of IEL layer 15, media layer 17 
and adventitia layer 19 . Thus, the path of the tunnel 
around restriction 24 need not pierce all the way to 

10 myocardium layer 21. 

FIG. 2 illustrates a first step utilized in 
accordance with the present invention to bypass 
restriction 24 in artery 16- A standard guide catheter 
26 is advanced through aorta 14 in a known manner, 

15 Guide catheter 26 is positioned such that its distal end 
28 is located in a region proximate the ostium 30 of 
artery 16. Cutting device 32 is then advanced through 

guide catheter 26, out through distal end 28 of guide 

« 

catheter 26, through ostium 30 of vessel 16 and to a 
20 region proximal of restriction 24 in vessel 16. Cutting 
device 32, in the preferred embodiment, includes a 
catheter portion 34 and a boring or cutting member 36. 
Boring or cutting member 36 can take any number of 
suitable forms, such as a rotatable member or blade 
25 which can be used in piercing and boring through tissue. 
It should be noted that cutting device 32 can be any 
suitable mechanical cutting device, or any suitable sort 
of energy device, such as a radio frequency (RF) 
ablation wire, or a laser, or other device. 
30 FIG. 3 illustrates an additional step utilized 

in accordance with the present invention in bypassing 
restriction 24 in vessel 16. Cutting device 32 is 
advanced to the region proximal of restriction 24 in 
vessel 16. Cutting member 36 is then used to pierce the 
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be- 
wail of vessel 16 to form an aperture 38 in the region 
proximal of restriction 24. Alternatively, cutting 
device 32 can be used to create another ostium in aorta 
14 preferably in a region proximate the ostium of vessel 
5 16. In that case, cutting device 32 need not be 
advanced into vessel 16. In either case, cutting device 
32 is then further advanced through the myocardium 21 
(or only through any or all of the other tissue layers 

15, 17 and 19) closely proximate vessel 16. In one 
10 preferred embodiment, cutting device 32 is advanced such 

that lumen 40 is generally parallel to lumen 16 in the 
region proximate restriction 24. 

FIG. 4 illustrates yet another step utilized 
in accordance with one preferred embodiment of the 
15 present invention for bypassing restriction 24 in vessel 

16. FIG. 4 illustrates that, in the preferred 
embodiment, cutting device 32 is advanced such that 
cutting tip 36 advances through lumen 40 in the heart 

4 

tissue to again pierce the vessel wall of vessel 16 to 
20 form a second aperture 42 therein. Second aperture 42 
is located distal of restriction 24. In this way, lumen 
40 extends from aperture 38 (proximal of restriction 24) 
to aperture 42 (distal of restriction 24) such that 
lumen 40 bypasses restriction 24 in vessel 16. 
25 In a preferred embodiment, aspiration is 

provided during the cutting operation to remove severed 
tissue pieces. Such aspiration is preferably 

accompanied by saline infusate to flush the area around 
cutting tip 36. Aspiration can be provided using any 
30 suitable known technique, such as an aspiration 
catheter . 

FIG. 5 illustrates another step in accordance 
with one preferred embodiment of the present invention. 
In FIG. 5, cutting device 32 has been withdrawn from 
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.vascular system 10 through guide catheter 26. Drug 
delivery device 44 has been advanced through guide 
catheter 28, through ostium 30 in vessel 16, through 
aperture 38 in vessel 16 and into lumen 40 through the 
5 heart tissue. Drug delivery device 48 is preferably any 
suitable and known drug delivery device, such as a 
microcatheter, a perforated balloon delivery device, or 
any other suitable device. In the preferred embodiment, 
drug delivery device 48 is used to deliver a 'drug to 
10 lumen 40 to enhance endothelial development in lumen 40. 
In one preferred embodiment, the substance delivered to 
lumen 40 with delivery device 48 includes a growth 
factor which enhances the growth of endothelial cells on 
the wall of lumen 40. In another preferred embodiment, 
15 the substance delivered to lumen 40 with delivery device 
48 includes endothelial cells which enhance 
endothelialization in lumen 40. 

Cutting device 32 can be guided through the 
heart tissue in any number of suitable ways from the 
20 point proximal of restriction 24 to the point distal of 
restriction 24 where it re-enters vessel 16. For 
instance, the cutting member 36 of cutting device 32 is 
preferably formed of radiopaque material or has 
radiopaque markings - thereon. Therefore, when 

25 restriction 24 is not a total occlusion, contrast fluid 
is injected through vessel 16 to locate restriction 24. 
The relative position of the restriction 24 and cutting 
device 36 is then observed. 

In another embodiment, radiopaque markers are 
30 placed in vessel 16 distal of restriction 24. Bi-plane 
fluoroscopy is then used to perform three dimensional 
visualization of the markers in vessel 16 and on cutting 
member 32 to bring them toward one another. 
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In another embodiment, restriction 24 is 
crossed with a conductive wire or fiber. Either the 
conductive wir<e or fiber residing in vessel 16 distal of 
restriction 24, or cutting device 32, are provided with 
5 a transmitter, and the other (either the wire or fiber 
which has been used to cross restriction 24, or cutting 
device 32) is provided with a receiver or sensor. In 
one preferred embodiment, the transmitter includes an 
array of active transmitters comprising "one of 
10 ultrasound transmitters, radiof requency transmitters, a 
plurality of point light sources, or a single intense 
point light source, or an electro-magnetic transmitter 
(such as where current is actively applied to a coil to 
induce a magnetic field thereabout). The receiver, or 
15 sensor, is a suitable device which is compatible with 
the transmitter so that it can receive or sense the 
signals provided by the transmitter. 

For instance, where the transmitter includes 
an inductive magnetic coil, the receiver includes a 
20 magnetic sensor array to receive the signals induced in 
the coil. When the transmitter includes an ultrasound 
transmitter, the receiver includes an ultrasound imager 
so that the relative positioning of the receiver device 
in the transmitter can be determined. When the 
25 transmitter includes a single point light source, or an 
array of point light sources, the receiver or sensor 
includes a photodiode array or an imaging fiber optic 
bundle which can detect the light emitted by the light 
sources. In addition, when the transmitter includes an 
30 RF transmitter, the receiver includes a. directional 
antenna. In any of the above cases, or similar cases, 
the relative position between the transmitter and 
receiver can be determined so that the cutting member 36 
of cutting device 32 can be properly located relative to 
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vessel 16 such that it re-enters vessel 16 in a region 
distal of restriction 24. 

It should also be noted that, in accordance 
with another preferred embodiment, vessel 40 is not 
5 formed sucn that it pierces vessel 16 in the region 
distal of restriction 24. Rather, vessel 40 is 
terminated just short of piercing the wall of vessel 16. 
In that case, blood carrying channels which have 
intersected the path of lumen 40 through the heart 

10 tissue are allowed to carry the blood to the tissue 
surrounding vessel 16. Further, the angiogenesis 
process which is part of the natural healing process can 
also develop branch vessels, arteriols, and capillaries 
from the site of lumen 40 to the tissue surrounding 

15 vessel 16, and angiogenesis can be stimulated by the 
introduction of growth factors ♦ 

It should also be noted that, in one preferred 
embodiment, rather than tunneling around restriction 24, 
cutting device 31 is advanced through lumen 16 and is 

20 used to form, or drill, orthogonal holes through the 
vessel wall into any or all of layers 15, 17, 19 and 21. 
The orthogonal holes provide relief for blood flow 
through and around restriction 24, and blood carrying 
channels which have been intersected by the path of the 

25 orthogonal holes through the tissue are allowed to carry 
the blood to the tissue surrounding vessel 16. Further , 
the angiogenesis process can also develop branch 
vessels, arterioles, and capillaries from the site of 
the orthogonal holes to the tissue surrounding vessel 

30 16. Any suitable cutting device can be used to form the 
orthogonal holes, such as a mechanical drill-type 
device, or such as a laser reflected laterally within 
lumen 16. 
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Further, in one embodiment , blood flow through 
vessel 16 is stopped during the procedure. One system 
for stopping blood flow includes occluding balloons. 
Occluding balloons have a fairly low instance of emboli 
5 formation/ and therefore have a fairly low instance of 
neurological problems which result from the formation of 
emboli. 

Thus, it can be seen that, by tunneling 
through the vessel wall and heart tissue to form a lumen 

10 therethrough which communicates between the proximal and 
distal ends of lumen 16, around restriction 24, 
restriction 24 is effectively bypassed. The tunnel can 
also be formed directly from the aorta to a region in 
the restricted lumen distal of restriction 24. This is 

15 accomplished without the need for open heart surgery and 
its associated disadvantages. 

Although the present invention has been 
described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 

20 may be made in form and detail without departing from 
the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A method of bypassing a restriction in a 
parent vessel lying adjacent heart tissue in a heart, 
the heart communicating with an aorta, the method 
comprising: 

accessing a first region of the parent vessel 
on a first side of the restriction; 

forming a first aperture in the parent vessel 
in the first region; 

forming a lumen through the heart tissue, the 
lumen communicating with the parent 
vessel through the first aperture; and 

forming a second aperture in a second region 
of the parent vessel on a second side of 
the restriction such that the lumen 
through the heart tissue communicates 
with the parent vessel through the 
second aperture. 

2. The method of claim 1 and further comprising: 

delivering a substance to the lumen in the 

heart tissue to increase 
endothelialization in the lumen in the 
heart tissue. 

3. The method of claim 2 wherein delivering a 
substance comprises: 

delivering a growth factor to the lumen in 
the heart tissue. 

4. The method of claim 2 wherein delivering a 
substance comprises: 

delivering endothelial cells to the lumen in 
the heart tissue. 

5. The method of claim 1 wherein forming the 
first aperture comprises: 
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forming the first aperture in a region 
proximal of the restriction. 

6 . The method of claim 1 wherein forming a second 
aperture comprises: 

forming the second aperture in a region 
distal of the restriction, by accessing 
a wall of the parent vessel from the 
lumen in the heart tissue. 

7. The method of claim 1 wherein accessing a 
first region of the parent vessel comprises: 

advancing a guide catheter through the aorta 
such that the distal end of the guide 
catheter lies proximate an ostium of the 
parent vessel; and 

advancing a cutting device through the guide 
catheter and into the parent vessel 
proximate the first region in the parent 
vessel . 

8. A method of bypassing a restriction in a 
parent vessel lying adjacent heart tissue in a heart, 
the heart communicating with an aorta, the method 
comprising: 

accessing a first region of the parent vessel 
on a proximal side of the restriction; 

forming a first aperture in the parent vessel 
in the first region; 

forming a lumen through the heart tissue, the 
lumen communicating with the parent 
vessel through the first aperture, the 
lumen extending from the first aperture 
to a region proximate the parent vessel 
distal of the restriction. 
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9. The method of claim 8. and further comprising: 

extending the lumen to form a second aperture 

in a second region of the parent vessel 
distal of the restriction such that the 
lumen through the heart tissue 
communicates with the parent vessel 
through the first and second apertures, 
around the restriction, bypassing the 
restriction. 

10. The method of claim 9 wherein accessing e 
first region of the parent vessel comprises: 

advancing a guide catheter through the aorta 
such that the distal end of the guide 
catheter is located proximate an ostium 
of the parent vessel; and 

advancing a cutting device through the guide 
catheter and through the parent vessel 
to the first region of the parent 
vessel. 

11. A method of bypassing a restriction in a 
parent vessel lying adjacent heart tissue in a heart, 
the heart communicating with an aorta, the method 
comprising: 

accessing the heart tissue with a cutting 
device; 

forming a lumen through the heart tissue to a 
region proximate the parent vessel 
distal of the restriction; and 

forming an aperture in the parent vessel 
distal of the restriction such that the 
lumen through the heart communicates 
with the aorta and with the parent 
vessel through the aperture in the 
parent vessel. 
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12. The method of claim 11 wherein accessing the 
heart tissue comprises: 

accessing a first region of the parent vessel 
proximal of the restriction; and 

forming a first aperture in the parent vessel 
in the first region to access the heart 
tissue. 

13. The method of claim 12 wherein accessing a 
first region of the parent vessel comprises: 

advancing a guide catheter through the aorta 
such that the distal end of the guide 
catheter is located proximate an ostium 
of the parent vessel; and 

advancing a cutting device through the guide 
catheter and through the parent vessel 
to the first region of the parent 
vessel. 

14. The method of claim 11 wherein forming an 
aperture in the parent vessel distal of the occlusion 
comprises: 

forming the aperture distal of the 
restriction from within the lumen in the 
heart tissue. 
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